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Abstract. Trichoptera pupae are described for the first time in the Indusial Limestone Formation of Saint- 
Gerand-le-Puy, Allier, France. The caddisfly pupal cases, named Indusia tubulosa , constitute this limestone. 
The relationships of these pupae to extant families are analysed and they are placed in the Limnephilinae. 
Fossil preservation and palaeoenvironment are discussed. 

Bosc(1805) was the first author to mention the Indusial Limestone of Saint-Gerand-le-Puy and 
to describe the tubes of which it is composed as consisting 'de tres-petits helices fossiles agglutines, 
tantot en masse irreguliere, tantot en forme de cylindres ouverts par un bout et fermes par Eautre, 
ou mieux, de cones creux d'environ un pouce et demi de long sur cinq lignes de diametre total, et 
un peu plus d’une ligne d’epaisseur’. He gave them the name of Indusia tubulosa , but was not able 
to establish if they were made by polychaete annelids or by caddisflies (Insecta: Trichoptera). 
Brongniart (1810) demonstrated the freshwater origin of the limestone and assigned a caddisfly 
larval origin to the tubes. As the knowledge on extant Trichoptera progressed, Oustalet (1870) 
classified these cases in the genus Phryganea ; he even recognized two new species: P. gerandiana for 
the cases from Saint-Gerand and P. corentiana for those found in Gergovie (Puy-de-Dome). 

Up to now, no body part of Trichoptera had ever been described from Saint-Gerand, but recently 
two fossil pupae were found which prove that the tubes are really caddisfly cases. This study 
presents these new finds and provides evidence for systematic assignment and taphonomy, taking 
into account that much progress has been made in the taxonomical and biological knowledge of the 
Trichoptera since the first record. 


GEOLOGICAL SETTING 

The fossils were found at Le Vendant limestone quarry, Bouce commune, Allier Department, 
France, which is situated in the Limagne d’Allier basin in the Massif Central. 

The Limagne d’Allier cuts a north-south furrow in the Hercynian basement of the Massif 
Central. The Allier River runs through this basin, which is 180 km long and roughly 35 km wide. 
Geophysical studies and boreholes demonstrate that, from the Eocene to the beginning of the 
Miocene, a series of small sedimentary basins, isolated from each other by tectonic or volcanic 
thresholds, opened from north to south in a plateau area and contained lakes of various sizes. Rapid 
subsidence led to the deposition of more or less thick sequences of clastic and carbonate sediments 
(Donsimoni and Giot 1977). Progressive migration from south to north during the Oligocene 
restricted the upper sequence (Upper Oligocene-Aquitanian) to the Vichy area; here, the fluvio- 
lacustrine sediments are characterized by the widespread development of stromatolitic limestones, 
which reached a maximum in the Saint-Gerand-le-Puy area. Algal growths in various shapes and 
sizes, from small ooliths and pisoliths to large spheroidal and columnar concretions, coalesced to 
form a limestone reef more than 20 m thick. This limestone often encloses an aggregate of tubes 3 
or 4 cm long and 1 cm wide, generally covered by small mollusc shells and bound together by a 
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text-fig. 1. Location map: Le Vendant quarry is indicated by an arrow. 

calcareous crust: since the tubes resemble caddis larvae cases, the limestone is known as the 
'Calcaire a Phryganes’ or the 'Indusial Limestone’. 

The oldest bioherms are contemporaneous with the fossil mammal site of Cournon (Puy-de- 
Dome), which is dated at about 30 Ma; the youngest correlate with the mammalian fauna of 
Marcoin (Puy-de-Dome), which is older than the marine Burdigalian (>21-9Ma). Favourable 
conditions for caddises lasted for 8 million years. Later on, the lake progressively filled and the 
swamps dried up. 

Le Vendant quarry belongs to the quarry group known since 1833 as Saint-Gerand-le-Puy, when 
GeofTroy-Saint-Hilaire recorded fossil vertebrate-bearing deposits there. These quarries have been 
exploited for more than 150 years, and the large and small mammals recovered are so numerous and 
important that these localities have been selected as a reference level for the fossil mammal 
hi ozonation of Europe (Mein 1976). They have also yielded an exceptional variety and abundance 
of fossil bird remains, mostly aquatic forms (Cheneval 1984), and are internationally recognized 
fossil bird localities, having no equivalent within or outside Europe. Nevertheless, caddisflies have 
never before been described from there. 


SYSTEMATIC PALAEONTOLOGY 

Class insecta Linnaeus, 1758 
Order trichoptera, Kirby, 1813 
Family limnephilidae Kolenati, 1848 
Subfamily limnephilinae Kolenati, 1859 
Genus indusia Bose, 1805 

Indusia tubulosa Bose, 1805 
Plate 1, figs. 1-4; Text-fig. 2A 

1805 Indusia tubulosa Bose, pp. 397-400, pi. 7, figs A-E. 

1810 Indusia tubulata Bose; Brongniart, p. 357. 

1829 Indusia tubulosa Bose; de Serres, p. 208. 

1833 Indusia tubulata ; GeofTroy-Saint-Hilaire, p. 77. 
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71871 Phryganea Gerandiana Oustalet, p. 102. 

71871 Phryganea Corentiana Oustalet, p. 101. 

1969 Indusia tuhulosa de Serres, non tubulata Brongniart; Fischer, p. 326. 
1973 Boscindusia tabulata (sic) Bose; Vialov, p. 586. 

Emended diagnosis. See Vialov and Sukatsheva 1976. 


Remarks. Bose (1805) always referred to the fossils as ‘Indusie tubuleuse’; the name of the taxon 
is latinized only in the title of his plate, which is placed much farther on in the volume. This fact 
led to errors on the valid specific name and the author's attribution of this binomial. 

The International Code of Zoological Nomenclature (3rd edition, 1985) makes a clear distinction 
between the work of an animal (art. 23 f-iii) and its traces (art. 23 g-iii). In our opinion a fossil caddis 
case corresponds to the work of an animal and is not a trace fossil: normally, trace fossils are 
features independent of their producers; this is not at all the case for a caddis case, for the larva 
cannot live without it. So we consider that we have to refer to art. 23 f-iii and that the name Indusia 
tubulosa , created for the cases, is valid for the animals which made these cases. 

Repository. Centre des Sciences de la Terre, Universite Lyon I, France; No. FSL 97698-97701. 

Description. One of the two specimens is lying in its case and only its back is exposed. The other is free, but 
fragments of the case remain attached to it and only the ventral face can be observed clearly. 

Head: eyes, antennae, labial and maxillary palpi and haustellum are well preserved. In front of the maxillary 
palpi, the head shows a bifid structure interpreted as the mandibulae spread out and joined to the labrum. The 
dimensions and the relative position of the labial and maxillary palpi are characteristic for pupae of the families 
Phryganeidae or Limnephilidae. Thorax: coxae and femora of the prothoracic legs and coxae of the 
mesothoracic ones are easily recognizable. The entire left mesothoracic leg, with all its distinct segments, is 
lying on the wing pad as in Recent Trichoptera pupae. Dorsal face: similar in shape and ornamentation to 
those of Phryganeidae and Limnephilidae. 


Discussion. The pupae and the cases (indusia of the earlier authors) identify this form as a member 
either of the Phryganeidae or of the Limnephilidae. In these two families there exist genera whose 
larvae construct large cylindrical cases. In the extant Phryganeidae, the cases are constructed 
exclusively from plant material arranged in a spiral. The pupae of Indusia tubulosa are closer to 
those of the family Limnephilidae and even to the subfamily Limnephilinae. In the genus 
Limnepliilus , the larvae build their cases from more diverse materials: owing to the availability of 
construction materials and behavioural preferences, they choose vegetable or mineral matter, or 
mollusc shells, or a mixture of these components. The fossil forms of Saint-Gerand seem to have 
preferred mollusc shells, ostracod carapaces or ooliths (Donsimoni 1975; Guillot 1979), but we 
observed also, in some fossil cases, vegetable fragments mixed with mollusc shells exactly as in the 
extant Limnepliilus. In the Limnephilinae, different species can build similar cases but, reciprocally, 
different cases can be built by the larvae of a single species. So it is impossible to determine if the 
Saint-Gerand Limnephilinae represent one or more species and, without adult specimens, to decide 
whether the genus Indusia is a synonym of the genus Limnepliilus , the cases of which are very similar 
to those of Indusia. 

The author of the taxon Indusia tubulosa is Bose (1805) and not Brongniart (1810) or de Serres 
(1829) as indicated by Fischer (1969) and Vialov and Sukatsheva (1976). The genus Indusia includes 
several fossil species (often only cases) from the Cretaceous and the Tertiary of Mongolia, Siberia 
and North America (Fischer 1969, Vialov and Sukatsheva 1976). As far as true Limnephilidae are 
concerned, the genus name Phryganea given by Oustalet (1871) to his new species is not correct, but 
as different species of Limnephilidae can build similar cases, it is impossible to decide if I. gerandiana 
and I. eorentiana are synonyms of I. tubulosa. 
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text-fig. 2. A, Indusia tubulosa Bose, 1805. FSL 97699. Ventral aspect of body, a, antenna; c, case; e, eye; h, 
haustellum; 1-md, mandibulae joined to the labrum; lp, labial palp; ml, mesothoracic leg; mxp, maxillary palp; 
pi, prothoracic leg; wp, wing pad. The left maxillary and labial palpi and part of the left prothoracic leg are 
broken. B, Limnephilus sp. Ventral aspect of the anterior part of an extant pupa showing especially the 

masticatory apparatus. 


TAPHONOMY AND PALAEOENVIRONMENT 


This find of fossil caddis pupae is quite remarkable, considering this stage lasts only about two weeks 
in the trichopteran life cycle, and how fragile the animals are at that precise moment when the most 
intensive histolysis of the larval tissues takes place. When natural mortality of the pupa occurs, the 
dead tissues decay rapidly (in a few days) and only an empty, floppy pupal cuticle remains in the 
case. Evidently, the caddisflies were encrusted very rapidly, just before emergence, at the precise 
moment when the tissues became firm; but the tissues themselves are not preserved and the two 
specimens are natural moulds of external surfaces of the pupae. 

On the other hand, since all the cases are the same size, Donsimoni (1975) believed, rightly in our 
opinion, that they are pupal case concentrations. It is unlikely that these concentrations are due to 
water currents because, just before the metamorphosis and even in stagnant conditions, the 
Trichopteran larvae fasten their cases on the substrate (here, rocky substrate or other cases) with 
silk threads. Under natural conditions, bacterial decay destroys the silk threads that bind the 
constitutive elements of the cases together in just a few months. In Saint-Gerand, most of the cases 


EXPLANATION OF PLATE 1 


Figs. 1^1. Indusia tubulosa Bose, 1805. Indusial limestone of Saint-Gerand-le-Puy (Le Vendant quarry), 
Aquitanian. \a , b , FSL 97699, isolated pupa, x 3*6; 1 a, stereo-pair of ventral side; 1 b, stereo-pair of lateral 
side. 2, FSL 97698, section of an indusial bioherm showing the caddisfly tubes, transversely or longitudinally 
cut, encrusted by repeated algal laminations, x 1. 3, FSL 97700, isolated and non-incrusted tube from 
another more sandy part of the same quarry; this exceptional tube differs from the others by the helicoidal 
and regular arrangement of the Pseudamnicola gerannensis (Rey, 1974) shells, x 1-6. 4, FSL 97701, pupa 
preserved in its case, stereo-pair of dorsal side, x2-5. 

Fig. 5. Limnephilus sp., extant larval case made from mollusc shells, x2*2. 
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are empty or filled with marly sediments. The rapidity of fossilization explains why they are 
preserved in such large quantities. 

Virtually all the older records of Trichoptera, from Upper Cretaceous to Tertiary (the last partly 
contemporary with the Indusial Limestone fauna), are based on small adult remains from 
worldwide amber (Ulmer 1912; Botosaneanu and Wichard 1983), while Indusia are large. In amber, 
the case-makers are generally represented by extant genera of the families Phryganeidae, 
Calamoceratidae, Molannidae and Sericostomatidae. But the family Limnephilidae has not yet 
been reported. In Laurentiaux’s opinion (1953) families recovered from amber could indicate a 
tropical or subtropical climate. Even if the lack of Limnephilidae in amber is due more to the adult 
way of life than to a real absence of the family at that time, we can suppose that the exceptional 
accumulation of the Limagne Indusial Limestone could be related to the Tertiary climatic changes 
(in particular progressive cooling). Indeed, whilst tropical or subtropical forms are represented in 
the rich vertebrate fauna of Saint-Gerand (crocodile, anhinga, secretary bird, parrot, pangolin, 
tapir), palynology suggests the temperate deciduous forest region ( Uhnus , Alnus , etc.: Gorin 1975). 
At present the Limnephilinae are characteristic of holarctic temperate or cold habitats (Schmid 
1955). 

Most of the species recovered from amber, certainly adapted to higher temperatures, must have 
disappeared from the holarctic region and have been partly replaced by the Limnephilidae, more 
flexible in behaviour and with a greater ecological plasticity. Only the extant subfamily 
Limnephilinae includes species able to survive in temporary pools (Wichard and Reichel 1970; 
Wiggins 1973) due to an imaginal diapause. Moreover, the larvae of some species of this subfamily 
are the only Trichoptera to occur in brackish water (SutclifT 1960; Leader 1971; Malicky 1974; 
Colburn 1983). In Saint-Gerand, skeletal elements of fossil flamingoes {Phoenicopterus croizeti , not 
very different from the extant Phoenicopterus ruber) are commonly found, and modern flamingoes 
are known to exploit food sources available only in brackish water, therefore salinity tolerance is 
also suggested by Donsimoni (1975) for the fossil Indusia. The fossil assemblage of Saint-Gerand, 
and especially the flamingoes, remind us of the modern community of the brackish Natron Lake in 
Africa, since one or two million Phoeniconaias minor and several thousand Phoenicopterus ruber 
roseus live there. Sedimentary conditions are strikingly similar (Hillaire-Marcel and Casanova 
1987) but, as the distributional range of the Limnephilinae does not reach Africa, there is no 
opportunity for the development of trichopteran bioherms. 

Due to the drying up of the lakes, the one or more Limnephilinae species of Saint-Gerand, with 
most probably a high degree of dependence on particular habitat features (salinity, volcanic 
particles supply, high algal productivity), have certainly disappeared, and this explains why we have 
no modern equivalent of the exceptional Indusial Limestone of Limagne. 


CONCLUSION 

Several taxonomic problems remain to be settled, since the two specimens lack crucial features. As 
the extant adult Limnephilinae, which show considerable flying ability, leave the aquatic 
environment just after emergence and return to it only to lay their eggs, it is very unlikely that we 
would find adult Indusia that would permit a more accurate determination; the discovery of 
prepupae is more likely and should complete the systematic information provided by the pupae. 

Nevertheless, this discovery emphasizes the remarkable expansion of a trichopteran family which 
(certainly in response to Tertiary climatic changes) invaded the whole Northern Hemisphere, where 
it grew more and more numerous and diversified. 
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